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(54)Title: SPRING OF EXCELLENT FATIGUE RESISTING CHARACTERISTICS AND SURFACE TREATMENT METHOD 
FOR MANUFACTURING THE SAME 



(57) Abstract 

A surface treatment method for manufacturing springs 
of excellent fatigue resisting characteristics, comprising: 
projecting hard metal particles 500-900 (i in particle diameter 
which are softer than a nitrided outermost layer of a spring, 
and which have a hardness Hv of 500-800, onto an outer 
surface of the nitrided spring at 40-90 m/sec with the 
occurrence of fine cracks in an outer layer thereof being 
prevented, whereby residual compressive stress due to the 
projection operation is applied up to a comparatively deep 
inner portion of the spring; and projecting onto the surface of 
the same spring a targe number of fine metal particles having 
an average particle diameter of not smaller than 10 n and 
larger than 100 n, a spherical shape or a shape near a 
spherical shape with no angular portions, a specific gravity of 
7.0-9.0, and a hardness Hv which is not lower than 600 and 
not higher than 1100 and which is not higher than the 
hardness of the outermost layer of the nitrided spring, at 
50-190 m/sec while being controlled to a temperature which 
causes work hardening to occur in the outer layer of the 
spring but which is lower than a level at which the softening 
of the outer layer due to the recovery recrystallization thereof 
occurs, whereby a high residual compressive stress is applied 
to a portion very close to the outer surface of the spring 
without causing fine cracks to occur in the outer layer 
thereof, this enabling a valve spring of a high fatigue strength 
to be obtained. 
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(57) Abstract 

A surface treatment method far manufacturing springs 
f excellent fatigue resisting characteristics, comprising: 
projecting hard metal particles 500-900 yi in panicle diameter 
which are softer than a nitrided outermost layer of a spring, 
and which have a hardness Hv of 500-800, onto an outer 
surface of the nitrided spring at 40*90 m/seo with the 
occurrence of fine cracks in an outer [layer thereof being 
prevented, whereby residual compressive stress due to the 
projection operation ts applied up to a; comparatively deep 
inner portion of the spring; and projecting onto the surface of 
the same spring a large number of fine metal particles having 
an average particle diameter of not smaller than 10 n and 
larger than 100 ma spherical shape or a shape near a 
spherical shape with no angular portions,; a specific gravity of 
7.0-9.0, and a hardness Hv which is not lower than 600 and 
not higher than 1100 and which la not higher than the 
hardness of the outermost layer of the nitrided spring, at 
50-190 m/see while being controlled to a temperature which 
causes work hardening to occur in the outer layer of the 
spring but which is lower than a level at which the softening 
of the outer layer due to the recovery recrystalltearion thereof 
occurs, whereby a high residual compressive stress is applied 
to a portion very olose to the outer s-jrface of the spring 
without causing fine cracks to occur in the outer layer 
thereof, this enabling a valve spring of a|high fatigue strength 
m be obtained. 
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to a portion very close to the outer surface of the spring 
without causing fine cracks to occur in the outer layer 
thereof, this enabling a valve spring of a high fatigue strength 
to be obtained. 
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x, ^mxitm^m^^^-Mz, i/s>nt:-->^ (fti^&to 

±?temm%.m±. ^<tmmWit>ffimi£-rizmz>o mw^m^^^—^a^tzmz 
%L?&m*m-tWi&, itmwm<£x*fr^&m®i&UT*mk%:{&m-t2>izi^ # 

m±M%k-&¥X, 0. 3-0. 8mm(D&mft*%te%L : ¥-*l£tem.mmiz4 0~ 
9 Om/s e c <ZH^ftfr©^JgT-Jl^£#;L& v , £ ? t&fJ-T 3©#£^o £ 

zw&otei&mmM&iz^xT-*) > 7*-tfrizmz£i£Tm<t\%izmm 
<Dmx*umLx. \zte^m%fr%ofe%mm*ffi)t-?%iz\^ ±ib 0.3-0.8 

mm^M©fe}:l:l 0/zmJ^±l 0 OAm^SS, ££>HS£L<fcil 0~8 
tt> ^(D^mmm±5 0-1 60m/sec, $^tlSKI±6 0-1 4 0 m 

/s e cf;u $ % izmmn^&mm(D&tem.muig.zwiM. • n^n£j&;r-t £ 
^^Mj®j-r£>;i£#. mmKmffiitiz&mx&zzttsfrfr^tzo mt^& 
#500° cj^t4 5.o° cumx±.x\±. mmm.^&miz ^zmmcDrnvtrnz 

i&CDmZtekm&om^fiK gfR&O. 3-0. 8mmgOt^lfi:S6©*i^ 
mZUXmA-TZZbtftDfr-DfrOX. 0. 3-0. 8mm(Dt^|}^tfl: 

mfflm.T&m&frzmtzLtbmhx&Zo m^m2i±z.(D^otaB&itm&x 

mmm^tzm&ummmh^mi£5 0 o°cmm.^y(D^mxmm^ti, 
Lxmm, m&izj: b-&t%mhtttoLx&tzmmuizmATz>mmx$> « 

mmz-M < tt-$Tz> 0 *mmM<DmMn?&Mi±^h'ik(D&tim.ww.£ h vsoo 
~i 1 0 omm<D\tm&)m^£tziz&®]mfi i & <m&>t>tiz 0 mb&(D0. 2- 
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±ia©<fc5fcJ±«fl«J;*:#&0. 2-0. 9mmgO»SS?S»«t, * c, tc 

mh'&(D%L^&m\±. tf, I$Hv 5 0 0-8 0 0t-feot, fro N #UI£ 

<£ &ifc?>fr<, t?g2 0 0-9 0 0^mcDmi:*©®I^IS?$ 
4 0m/sec~9 Om/sec T&ift b, d tliz & t) "Mo^&iRiifflfcgi^j&fcB&it b 

tt, 0.5~0.9mmS©5I£H v 5 0 0~8 0 0 ©2&^iS!|*£|Sjfc u ^e>C0.2 
-0.4mmg©i$ Hv500-800 ©fci^&Jft £ bT, IfOtlftaii 

(st^ii 7 ) o 

Ztilz^\%ffi% s S^Hv 6 0 0JU±Hvl lOOi^Tx fro, iffiJft^SS* 

¥£)g8 O^mJUT. I^?©tf 0¥i^g 1 0 /imW± 1 0 0 £ e> C 

M£L<te±%L?(D¥-i%m6 5um&LT, l^Ct^gl 0~8 Jt 

1 9 Om/sec ©Mt\ ^^CSSKIi, ^ft 6 0m/sec~ 1 4 Om/sec 

BlttC : 0. 60%,. S i : 1. 45%, Mn : 0. 68%, Ni : 0. 
28%, Cr:0. 85%, V : 0. 07% : H*%) Z^mTZ&tim 

fcgftgL 0. 6mmg©iSJ^*IH3K^. («l$Hv 5 5 0) 7 Om/sec T 

*s^bfe^®fli^Hv9 3 o©«ia^®^© N &mmmn?tz &&&&&&&& 
zt&a&m&moEmmmifcti tstJt^t * ttot^i-e & »> % sua ^ 

HJf 1 O^m^-eoEiigJit^^tttl 9 0 0 (N/mm 2 ) J£*±©?g5J£tf7 
£T3»^iiJSfr 9 5m/sec tfeil-C^SC^^So C£T% »»JK^ 

©n»@& 5 o >umT-, n = 6 o mcDmi^±m.^-^m^m^, (m&) -em 
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63^111. fc*&^©¥$g» 80#mWTx 50#nu M*(D%L 

a^Jfii^fcoffiSf^.T-e^SbtlraxigfliSjei^^s^ fcf;teli®Jf ©Emu 
*g S t J: s Ife^b ^ * «fc >) tiffiS tc »J® u o fil* U fc o coi^&filSSJi 

IJffiflttOllSSS^'fia 1 £o£ N MJtv= 9 0~1 5 2m/sec(D 

F^s itJl&fg (^itH~ 1 0#m$!£) QMX.&B&'gJfoMlZ 1 8 0 0MP 
a Lfco v = 9 Om/sec ©#M$Tttgil®©JEIi 

Sejt6*t*eff2 0 0 0 MP a fc&!K #*F&JMffT-> S^g^US^*** 
t^dh##fr3o f^to-fex vgl5 2m/sec, ^¥^§6 3//m©^31 

LfrU IqlC^^MT^^Jt^ 1 7 0-1 9 0m/sec^^^^>h. ^®5£{gK 

5, Z.(Dittb. $[^#^£©±15* 1 9 Om/sec tLL 

T's mffllfi^SIJjJSfi** 1 9 Om/sec J; D3< & * fc, IfbiSCtitli^i 

*i2>o £*>C, lilh 1 0 ^m^O^ffl^Sit^^t^i^i' 3 h 
&&l£9 5m/sec TZ&Zifis Z<Dx.m&(Dm'&2 0%©^>3 y h3^Jt (76-1 
14m/sec) -Cfci:£Jiffl»8efc## 1 8 0 0 MP a fiJLtfc&tK ifc«to»^S 

#<fc DJSBf^tU &f*3iJl£6 Om/s e c W±T*^®Jfo*fci: 1 7 0 OMP a@£ 
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u±T'M&ftifei%m%im%kftmt>tLZ>o &mmm&i 30-150 m/ s 

e c. 1 4 Om/s e c l^TT-^ISJ^tw^^^^iNflc^^^m^^^n 
SO-Cs M£L^J£jfti:LT 6 0-14 Om/s e c £ *gg%l?j§<D9SH £ t* * o 
±&±%L=P¥mm6 3 um<D'mL?&mm&ifi 9 Om/s e c. 190m/se 

W®^^^lT(fTHv7 0 0 i:U 5 0 # 

ifc^frofco MJgl 9 0i/sec®»^ ISSSMPMsfc^iftifrfcl^aL ft 

^•JiO^^D^^y^^li-aiMJI^Bft^nfc. *fc. IIv=6 0i/s 
ec £ 1 4 Om/sec ©»£\ &m&&<Dm*E.m&lEJ&ti&±t&<Dft&mn , tiL¥ 
&m<Dt.%& b^^'hZU&CDCD 1 7 0 OMP a £<it&ij* U MXVZfa 

®^£i±Hv9 3 0 <, ««B«£^aiJ^T^©«ia^JiS!$H:aii©H 

v9 5oisi:±iofc^ ±McDj:-5t: N y-zmmmmz tmmnxTcDmz 
v>n?tkMz~ v-tmmtzxg ^mm^^ti^mm^ tizzt &mmz tut „ 

lllStt^S^^ffl^^^^y^-^tz^ftMS^s 0. 6mmOlIII| 

©J^3i^llT% l?©^¥^®^Wt>g50^mTHv 8 6 0 (lUBKa^S^P 

0 /zm-eH v 7 7 OffeSo EI^O^(±^^ ©fc£fct^t@^©Sj^5iJg 

: m/sec) T*fe^> 0 D^fftg 1 0 0 um*jL?&M"et±* 50// 

fc3o nflfcg 10 0 ^mCifffiffi^O^Tfx m*%L^<D¥-i%m± 1 2 5ju 
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MlSl±llSli^i4 4//iii^ mtt&^&ifi®! 5Atm©i§£CJfc'VC'J>& 

©o^ecasosstffiTtsfc^ ±^©Tm& i o o^m^st* s&tc^t 

tt&ffigotDfc'J^^&^ttx JtS7. 0-9. 0, 1£ 

$Hv70 OfiLt. 1 1 0 OJaTOJfcttXtt^ftt&^S^fciu 

fflSftffl C £ * <i£ftil$I©{£*I £ (3 £ * ffi<b#3ifT-r S £ # * H 5 ° 

*s/Jx$<3&S©T? j e©TIB*Hv 6 0 0fc1-So fc£U Hv 5 0 0-6 0 0t 
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z\zx r ^mm z ?tcDmn< / tmTT~(D-hnT.mbj iz-D^xmmr^^ttr^o 

umz&mm*izte®mLtzmm&fti£L. ^(Dmmmm^n^xw^±w 
hE.mmmfo±ifa±izm5--rz>o zwrnmrnmiz, s smm^mizam^mc 

Kjtu ^©^^LT^^^o^/jNm^^^^^-r^^^^^n^o mm 
&}%Mizkt%LisX^(Dmmmi£tez>frizx% < , Lfr&$$4i© v>#>^> u 3 

< &3 A,n^o z\(D&±Xb &\-£to.m\zMTZ>mtt l h*:<D'&(DS S 
8 0 umUT. fr-Dm*V>®.?& 1 0 ^mJil± 1 0 0 um&m, fctkh LT. ft 

&t>-r, mm&tz&ztiizi8:\,\mwix. ^mxx^^m^mmmcDum^^iz 

%z.XitM7 . 0~9. 0, @^liHv 6 0 0~l 10 0, iijaSfot 

*±{f i>{z{± N ( i ) *IM©MMbt^3«y h £-^>^<7) 

&#-X5fe£-r3*> (i i) lt«>3 y ht-^>« 

# • X5fc£-rs«ilr#&£o (i)M(ii) OJ/a? h£-->^7!j&©& 
«£LTfcJu &t2iz¥&fo±j*MffiLT®.^&M*MT7im (^hl/Xt-r> 
40 ^2-3®t:^W-Tfi[^FlS:»SJfibx JII&&i**i^£/J^ <TZ*m. if 
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bfrU fcfcilfcJU BfcM©fi£*ftffi4, ^B§6 4-8 3 6 4 4^ r^g&ft^T" 
U CtB«SftTV»a t> J I Sgt*SG3 5 6 1 ( 1 9 9 4) 

MLX, %mftB<D&Mm%fot>Zfc&<D&m-Cl 0 7 9 MPa (HOkgf 
/mm 2 ) &±fcft4-"rftfc£x «ta1$tt©Mj|it44»i£T-rS0t±> B@Jft;*mft 

«^*4©#^IS* s ±^t-^^^*)$>oT, ZT<^®T* 1200MPa~160 

omp aesoffiieae^^^ns b*»*», «#&j&£iM-r£««ifegfc 

f5^fc#«fafc3affl£ft-t^S J I S#™i>'J3>^DA»^l/T>A- 
*to3l^&£<fcD%3l3I3il££^< bfc, mz.\£m&2. 6mmT-&2 0 6 0M 
P a£jg;L£3l3S&£, 3. 2mmT-&x 2 0 1 0 MP a IrI 
4. OmmT^ 1 9 6 0 MP a |sl 5 . 0mmf(±1910 

mp & %m%.2>%m&£x^ umzfcstTz.titt>v>WLm& 3 0 0-2 0 om 
Paeft*-c§[®3i*u'<;i/SieE«>fc»* s »bTv%So # 

b % Z t RV&&mft&QBl3i £©«'J> £ b 3 fc &T* & 
So flt$E9 2: 1 Ofciu ftm^JSTO^fflv^^b^ffifd 

bfc^— 7>f hfflfttfl^ af^lMl 2fB*M>#UB£*iT^* J IS->'J3>^oA 
flifl^ w< 1 3 IBtt©»IRKfc^*B»Kto& bT * 

^314© (B) XSTf. SUItt^HStflKlllfelillW*^^ 
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*-5-r a ( s-o: l t i> a ^ttgas-fb^©^ £ tis $£&© 

<£TA«(Effi:*JKiiilPi:iK<fl[H»*31«)%) i:#x^n-5o 
H4B\ C : 0. 57%, S i : 1. 5%, Mn:0. 7%, Cr:0. 6 

©tfRBttffU *©«#BBEEM{t±t:f©J£;*0. 9 7mm, ¥^Ig^Hv5 3 
7~5 8 9©«©ffitfft#&jftfc;Rfrri>W»5 (n=6 0M©H«iJT% 

Hj&£M*fc^©l0aB¥*&®£H v 8 6 5, Jtfi 7 . 5, £3&^¥£)g& 37/znu 
m*<Dm.=?<D¥-i$im±\ 0-7 S/zmfc^LT&tU ^mfc S*J&i;fcfci:**i 
£3£< s gH^y^fctfci^ llSSi^©^^?^® ^ H v 8 6 0 , it« 8 . 

So «£Jijg#l o Om/sec©&fc»)CJMftf*M&#&*Zfc#fe 

frSo ^^^S^t^Sffi^MJS* 5 1 0 7m/secSl>*l 8 3m/sec ©K&lMHJfi^? 

sitf-m. im©ffiiiM^ii^f 9 5 oMPat-feofc 0 ^njc&w 

fc&#©«#aift#&#cfc t>Ki^©fck. &@j$^JUft£&je©tti(iBlft3{% 

/sec©»£-, KfcIIO®itl!41 i£S8t4©&fl;*IB^fci:#*e>*i,a 0 £ 
©«t?£^jg#l 8 3m/s e cCftSi:, &&&&&#&J!l#a& * © 
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<ZK &t*5tJt 16 0m/s e c&T©J§-&cfc ^ & %(D$mi±'^-z& s©-e»i3PJ3 

M^JS3, 4#£UGT:l±mM%l?&Mmfe* 160m/ s e cWT^^CiSb 
<&140m/s e cWTh-f So &t^Jt#50m/s e c £ £^3§i«& 
< &&©T% £frt£TEB£:Lfco £ £ til b < & 60m/s e c £ 

t-©lft»gtf 1 0 O/zrn, 2 0 0//m, 3 0 0 £tmh*# < &S icon. J&^tS! 
»&© «&©«#&£&*« fcffiTLfc (0 5) . tKS^#<^5i:oti 

?<D±¥®m±8 OumlZXTs fro, M^<D^(D^m± 1 0 0>um*ii£:-r 

50 £ft£j@x.££^ &mtt&S%©©*r8(rt4fcfc<£T"rSo 

a<hb^^«i3i^lQ^©S^a^©g/>^»ig% 1 0/imJ: 
Lfc©fcJu ^nWTTI±^C«tSEE»»BJ^*©iK*^l&^mJUTfc«i!). + 

©go^^iSLt*^ 'j>STfcft£n n B jf±©Fp^&&w 

51 0 0/zm*?Si:bfc©fc^ *ftJa±©&g-T?fcJ:^S©Ei@JiEtfj 

£&t*)&?©fi;*;¥£)^m£ 8 O/imhlfefflli, £fti^¥£J^t?£ 100/zm 
©^it)%^©B^Xttlni±^im* J ^:^Sfe»T-$)So itS7. 0-9. 0 £ b 

&*>©-£&*<, IHK«fa©#t4ftSc©8l 1 9 6 GN/m £it^T> jB«!^"Ctt 
4 5 0-6 5 0GN/m 2 T-&*K SltttMtfltttlliM^tifcSfJ: & * 
trb^ 1ft&t^;fe£iBJl£3l*1"a £©fc«>* j&flg£&t!fcJ\ & 

iB©IH]fl#]t«W:*g<fc!)> W*M^»£^#fc£©^i&-£^#itlfc 

©£»ttSi«JfcfctK a^&^teffl&fcElbT*©^* 7 . 0-9. OCiB 

ztz, gfcLfc^«fccm-£&im^©&£TiE£Hv 3 5 

#inxjft«feM5©«£i:bTs Hv4 0 0~6 0 0©lifc^l^ »inx*j 
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mmn^-<Dm^(D±mt lth v i i o o tfsstisoi:, ®^#Hvi io 

*igl0iP?)10 0//m**jSL J£S7. 0~9. 0. Sg£Hv 3 5 0-1 10 
OOHH^JS^Ctftftr^TIS* 5 Om/sec i:-r*31ftt±H ^nWTtiis & 

&o -tt3*t : ?©iS*r3&j&©±IE& 1 6 Om/sec £ Lfc©fci N -^tL^jS;?. £ 

#**U:rF©3£jft«fc t) &f£T <T3 h * t N ^Jl©»'hftg£jqR#ig&£ft-c> 

« ;&© m ±®jm &m m ^ * ;i/ ^—©iu t {st -r * fc »-e & a 0 

huM©EI4, 0 5 ^^*(3^-r^^b$tLTV^^»feiiia©-9->r;b-?: N £ 
*fc-?¥*§|g 3 7 /zm x H v 8 6 5 ©^J^fS»i^£ 9 Om/sec ©MS-£&M 

»©<£i^&3:L&^i6ufc«fcfc: 1 6o°c -e^sfc t)ansii«iLfco ^©3^ 

h£Mfil 0 Om/sec "CSS* Ufc«fctf> TVl/TBU g»©fii!8£#& 

fl&^&nT^»Lfc3ttIBIJ^|R^*sjt«[fi«j#< % ^©jfiJR^3R3b«l 6 0°C©^ 
^tSK^©teffl©^»ia±^*^t:^i¥Lfcfctth#^.e>n%o fc£ Us 

±ta© 2 3 o"c©ffiia«i*** Lmm(D2mm<Di£t3Ltzm.m-cm.mM(D*y*> 

MWMffeSCii^^o MSB© 1 6 0 "CcD^tz yj itifc©^ 

fct)ip\ &£>frC#>5fg-t 2 3 0°C©<£ffl&£&g; b©W^t^^t»^^V>©{± > 
«*BHEK&B*fc^«!S*fc: < fcoT. 0. 3mmg©^JR*i^taf»J; b*«iaSJia5 
©ttftfls«3. -fe*>*>r h©^B£?M#{£ii£*U 1 6 0°Cti#a$nfcRFC 
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&Mffi : ?(Dmmzmz%.}fcM-rz>tm%.£tiz> 0 stilts m-ffi.?m$. 
«©^attr*i^HA«s< &s«gSx £^««$©ai£#±#?*afre>i:#2.e> 

ft* (^-^ • T^lK—m. fffl«E^IRx @#©J*8ifcHtltx ^4 IK, 
0gfiJ5O^fi\ 2 5 6I(D^i: ( 8 ) S#i 0 d ^ T'ttffi^tlftCD^MB^ 
fcJ\ (liM/^^r) ©¥#*g. 7" (M/r) KUt^-fS i:©3iW^*«o 
ZtHz&Zt, J~ (M/r) «rf*50^ r fcJtfl|-f£o ) o 

«&^&!ti^Jg#l 8 Om/s e c*U£T-&> -fe*>#^ h#&fl^ -MM 

^©ajfflije^si* {3 «t * * ©fl&©fiu83& n ssfflw&^j&stt: <t s « 

££'h£<ffi#3Cifc#ifi|iulLfco ^©SStt, #fgRJl©»8fti^&i*©f£#Jl 
#Jt«W»<* £ft#«fc©*&^&«]#J1-3;ii:, &tm*Blfc^ftfmfc2M8 
WT?«±J±««HBS©3ia : ?«^t:J:oTv>sfc«> N J; bflSS&ifrCIt^TifcftMe 
fc£?>ot#/h£ (El 6) o 

t^wv) htfai«&©-&©#»i:*©Hn©«ifflfc;R 
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2. 0mmlil±©Sia-CfcJ:£>©$'3 y h b*— ^>?*f3 <fc oT ^©aJS©fr& *) ft 
CO. 2-0. 9 mmS©J&^£3tJg4 0-9 Om/sec T-tMT 3©fci. JtHUfcJ 

ft bp £ -ejEiisejiB* *ft # bti^iMt^ e> BSitf * tztb-c 

&2>o fcSU «6S* I 2. 0&^L2. 5 mm* & fc*#l^K;ta"rt±x 0. 5~ 
0. 9mmg©t?g|[t, 0. 2-0. 4 mmfOt^MT (11^7) , 

itmmmm&m'gj&t) *-m&T pass tmm^m^ *> (Dnw$£9E*&z>mf£ffi±-r 

ZZt&m&Zo Z<D£oteQ. 2-0. 9 mm&(Dffi. : ?&Mmz\3im.ffi<DJ£m 

SXl«JS©fcf testes ^b&b©tt*tT. *^BJCD^^T-$>^M^«^S 

Mm4) T*fc£, ±SB©Jfc«^:*#&Tm©&^S:iJ&fc:, mi 0-1 OO^m* 

^¥K)g2 0~8 0^m, 3*^*fcB:*;h,Cjav^l3g»J©&^ltS7. 
0-9 . 0, ?g^H v 3 5 0—1 10 0®igf|£JgflR«^?fcj£jft 5 0 — 1 6 0m 
/sec T-+^{3^f *^^t«fcoT^JBfcje»3fijet:#S«ctt/JxftS^#35i|HI 

*ffcHI3fci5W-* 10-10 O^m^iXliif S L< t± 1 0-8 0//m6D^^ 
0. 2-0. 9mmg©&^©*0»l«£Tlfi&Hv 3 5 0 l/fcOttfi^fff^ 
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9&<D^*)]/¥—<D—&&&fom.m0&Blz{&t>nz<DTZ. Hv35 
OfeTIBfcbfco 

dCfc^C, Hufa©£*bbfcfcEfc,fc t) &^IJi3f5£#f£i^b£ b&^fcEfcC* 

bfc«fc©2 50-50 o°cmmcDumx<Dm&ifotj^£<Dtzfo(Dmui&mnM. 

n >f ;i/«fcfi£j&&xtt=i >r ;i/«fcfifc^&©8@jfcfc|ifc£&*&& x Xt±iMb&fc £ 
©ffiiSflFS. ®»i^&tmxi«©iiux*l©0. 2 ~0. 9 mmg^SIJ 

£©w^fc a &&#©&#>© 2 0 0-25 o °cmm<D&m£.tiam itcDigsm 

S B W ©ffilHX tttflffl© * y > *\ * if © XSM:"*« |§© «faUJg C$$n5. 
#liIftff©®K&JI&^iS!S*©3&5li±, KiaMC|g»«fe«t:^^3&:«/J^S 

^X(iji^^^j!jnx{zd;^«^ji©j!i||g^^{b^^^-r^h^<, 

&rt®©fclMfr£©mfflfc&©e»£l»±bT, ^ K £J4 £ fa ± 

ttiar<aJi©^«J!fl«E©iDxgg^t: < t5»pxefl:Sfimbx ^©^ 

^©S^htim^^^-ro ^ti^iiiot, ^^©^^©MMbhiax 

«<b*j«fkniem$ti*o dti^©^ffiii^^©^5im^m^^Kc<fcoTB^ 

Sth^-ofeo M©^#3&inx?g-fbii. M©3M4lfi£iq]±&-B\ ^©^^ $ 

©&> mm%L : f-&m£.±?>\ztoi^<Dmtem&.ifi 6 o&t^i 4 om/sec-e&tK 
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IZtelzMLxmm. 1 9 Om/sec, £fc N ££>£^£& N 170m/sec§i 
**fc**fc*ft*(D««#H£lcfct) % Sfc^tifc^Kfa-eBu 16 0m/se 

£ffi^MJg#6 Om/sec Xtt 5 Om/sec «t t) fciSTT* ffiS§©^^T*inx^ 

El®©m#&i&Bji 

0 2 El li: PI ISO. 6mmfe^S*r«©SYb«ia^©^i9 6 3^mgl«afi 
•laMfflifc^&lfJfiK 9 0 m/ s e c £ 1 9 0 m/ sec ©»-&©ffiiBKBJ6tf7ffi 

El 3 EUhlllt^^ 0. 6mm^^^§$nfciS^je«*3i-N©^-^i 
WSfc©«*i©«S&ISlS«J56*t:&K-r%*S^rElo ^©ei&eis©^— £>© — 

mtj (¥±9^±. 7 8 6 N/ mm 2 T— 3t) ©Hi&£^-fo ^©K^ttfe^ 
©ffi^JgT&So 

ei 6 m.m^mn^miz^^mm^(DM^(DWj>^m^tz^m^^To 

£©Elt±, El4, 5©7 r -^^|5jb^(C^(t^«iJ^^?>mofc^©T"fe?)„ r 
El7 4. 0mm@tf^y^T'^BLfe#«ia©^jiaJ©X^(3 t t5^ifea® 



9 
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1 ) 

«tiffl^^M^--r — ^ (J^TOT^v^) 

ddt-> lMffii/3^ht-r>yhLT, il^, -f^>3 v h 
SO. 5~0. 9mmiftOHv 5 0 0-8 0 0®««, Xl±*y h^'ft*© 

9mm®Se©fHR©IH«©S'ay h&£ N JftgO. 2~0. 4mmSgCD^CD 

&£fctt$ft-©fc5l*fc<^-g&fc£&^¥J9&8 0/zmWT^2 0//mJil±, 
«^©«[^5pJSSl 0//mi^±l 0 O^mm TfMfci: LTStffc^fcfcJ^ftCjE 
l^3Iofc«f©&lv JtS 7. 0-9. 0 N I^Hv 6 0 0£l±Hv 1 1 0 0 

n**&&5 0-1 9 0m/se ctMU «;fc^Ji©Jnxfig<fbfc««Bftg£ 

iti&CDXg©^ iBMftSlMtlitoT^a y h©»WJl (if 1 5 0 
~2 0 0/zm) t^ltSOTf d hC<tot, 

^ J; o t T 3 ©T- & § o 

nmmm 1 ©«&©sm^ti!£oiATWT£i2iro 
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Ii^il2 (Dftmiz iot, g-fctfr©? 5 ;*^— ^cd^> M1Mm£%\m<ffi. 
C : 0.59%, S i : 1.90%, Mn : 0.84%, N i : 0.27%, Cr : 0.96%, 

v:o.o9% (mmz^?tit>mm%) ^mr* s.zmm&cDM&mmxtim* 
(mmM8(D®(Dum) zm^Xs ^=r-f u>^, 420m* 

©¥&lg#7 5-1 0//nu ^^©g^/g/J^Jt 1 . 2 &T-e*S^oT^& 
<x Jtfi7 . 5 N *M£H v 8 6 5©ifc^£j£Jg 1 0 7m/s e cTtftlttU 
T*. SftLT^Ji ($££3-5 umiiLVL) ©ijg£H v 9 1 0 £f#fc 0 Sfcfc, 0. 
6mmg, 5i£Hv 5 5 Ocd^^> K*y h 7 >f -\» £ Jg 7 Om/sec T-+#t&|* 
LTJt«Wf*lg|JS-rffii(8S®J5&^7*f>f#Lfco £©Bf©iUUjg£y;H v 9 3 0 T' 

?®¥^lStf 75^m«Ts ffi^O&^g/Jx&tffaK 1 0 //m> SJS&Jtl.2JaT 
TfcSSoT^&^&liiifrR©, Jt« 7. 6 N H v865 ©^m»i^£¥ 

Qmfel 0 7m/sec T-+^(3^Lfeo ^©gL 2 2 0 °C-C<£a«fc«£!Sfli Lfco 
^O^Ii^liHv 9 7 5 T*$>o& 0 
£©BS©«;fag^e©jEttg|gjfc;frtt2 0 1 OMP a £ter>tzo :©i: 

n?nHv 5 7 0MHv 5 4 5T*ofc o 1 5 /z 

miiiT, femtmt 1. 0 ,um<i; D/J^frofco Sfl;©£ *T?©d©fcf;fa©g^iB 
Oi$liHv9 1 Ot'fef) N StJLfcO. 6mmg©&3JSiJMft-?©ffl$ttHv 5 
5 0, 15J^^@i«m^©^±aiU^®^{iH v 8 6 5, ^^©ISJfti^©^ 
KSttH v 9 6 0T-&o£o £©fcf;fc£¥£jJfo^ : 686MP aftS*H/&2>&£<fb 
2H±T-^igiH/fo;bTT- 1 0 0 0@/mi n. ©MJg-e^a£ifc Lfco ^OJjg*, 
5X10 l£5&lfiftt±lHif&27-C±6 7 7MP aJ^±£& tK n=6ffl©v>r 

ft©£&T&MiL&fr^£o ^©{^ia{±^li5f<Jl8{z. £fe N *©Sjg#&tt 
M&m 1 2 fc^MaTSo 

ME 7 Om/s e c T- J£:tel3&f^ x £3&^ipi£)g3 7 //m©HJI£iftl!fci 
^fc^ft 1 0 7m/s e c T'&M It &firtsJU»©xg£±gB©££fifiJ£JtB 1 © 
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TXtr—fr-fi&t LTWZE v 5 5 0©0. 6mm*y h 7-Y -^O^O^T-I^ 
S<b&fc*&W©-&&l**;&teLT*K N= 5 x 1 0 7 H]£:i3tt3^^&6 8 
6MPa± 6 4 7MPa^^fe 0 #fcfteffl=3 ;i//^©g[MlHi> Jfc;*7l&t$B 

?5o ddTfi. N=5 x 1 O 7 0£&#>£o rm= 6 8 6 MP 

a0l^ r a £ IT 6 1 0-6 2 0 MP a^JtO{fi#3§$£ ftT t^c 0 b*»U 
»j;9tTm= 686MPaT*ra^67 7 MP a CD J; -5 teMuMft&fe 

rm©xMP aJiintCttU ®.%U<Dt attSEfclttC x/ 5 ®Tt a CI £#¥iJB£ 
LTVn^o ^Ofetos Wrm+rali, (5£8U -x) ± (j£l»2+x/ 
5) T^-£££o 4\ ^tlilbT80 OMPa^L &#IEfcJ: (8 0 0 
- x) ± (£g&2 +x/5 ) hilf^^o ±i3©&#l8 6 86MPa±647 
MP afcdOsSfc&Ttttf)*^ £»2fcfc6 2 4. 2MPai:^S 0 * 
aufl-Cfcfcx IMfe^i:lTs »^8t:«BttcD«t-5t: x fc© ( 1 ) S$iJ£t 

■T&fc>*>, rm= 8 0 0 - x(DB# N ra^6 2 0+x/5 — ( 1 ) 
iC-Cx : ^T^MPa, x : gft-e 0 Jil± 1 5 0 JiLT 
±13©, mitmizO.. 6 mmlC^^^MC <t o t f 7 ^r-;v L fcilfaii, 
CT (1) 5S&S!J£-e#fc2&s, ¥±&JEtfj6 8 6 MP a, fiBiiSA±6 7 7 
MP a a:^"5«^Jte*ajgb-r, Kia4B5lcg5-C«IH^»%^DT«««E«*^"r 

• Hi! 1 ©JttfcKfc®*:© 

A: 6 8 6MPaT-*!^IS^Ofi«jiS^tt±5 lOMPai:^^ fji^Jg 8 <Dffi. 
#&ft£S&fc£fc^o S-SO»§S[{b$^ ^^^Sito 7 2 Ainu 
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m^n^^mm 2 0 0 ^m, m^m.^mifo 1 umcDmn^^K 0 . 5 mp 

at? SI* (¥&)@7 2/zmJ|&^©«gtj$jKfcj:jKj 1 3 Om/s e c) bfcJtfictfia 

T% igfflIfc#fcJ:± 5 30MPai:&!>, 3&jHl±4> Uifg#> £ ft 3 #Ilt3<iS 8 £}3§ 

H&sE^Ifcfcfc&fb&fc: 0. 6mmg, $g£ H v 5 5 0 ©aM&^fciSI* It 
iP?)SSlI^Lfc^ fc&fet:mg-*>«J*#l. 5~2mmJUT©y-^iwO 

(»12) 

^b*b«ciMSiaK:H-rs*#6Mt±¥±&Sl 0^mfil±l 0 0//mm JrbS 
7. 0-9. 0 , ®$ H v 3 5 0 ~ 1 1 0 0 ®^t©SI^lS? §M Lt If 
te(Dm.WM£&M±i<&<W£ x.^»o N fro, IfWa^Sjg (J^rft-frA/KrgJg 

^ -5 ) ^^-gr-ffc, yiMgyf jzitl&iftili— £gi;&nxji£ 

T * fcf&^SJl ©$E^#r « £ BftltT * 3 £: o fc « feCDSPX^ST" & * o 
fcEfct©^® Hv3 5 0-1 1 0 0, itm 7 . 0 ~ 9 . 0 , ¥±S^g 1 0 

fim&.± 10 0 /zni7fe?i, SS£ L < & 1 0~ 8 0 ^mCffiK^JS^^*^ 5 0 
m/sec JM±> 1 6 Om/sec WT> Hi: L < fci: 6 0m/sec~ 1 4 Om/sec T'&ltf-f 3 

1 0 Om/sec W±tC«^Ufc«f&¥2 - 1 7 6 0 7§ r^jg^ao^jpxjSftftt 
SlTs&j ©£5 t N A3 &S6jSt£jS* MJKV> 1 6 Om/sec 

T"&f*LTSI®;f©^#jajgt;:& ^jgV^160m/sec. S^L<ii 
60m /sec^V^140m/sec TiS^U *©RIHttfiliU:#&llieM«gg£jg;:-r«fc 
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ttiSfcffcilbT, TT?£f3«bfcJ;5fc:Br®JfrK**«ffO. 9 7mm, ftffi 5 . 
1mm, «$Hv 5 3 7-5 8 9t, fb^##0 . 5 5 % C\ 1 . 4 7 %Su 

tifc^^^l^5fetttt^mffl«t?iS!l*-H£S«Sl#3&*b (2 3 0°C) ©JgJ?-e, 

8 6 5, itS 7. 6 ©JK^JPHRjWUia^ (2)^Sf^g6 3^m (§fS) , 

®^Hv8 6 0, i£M8. 2©SE^ffl|«J(BI*fc : ?*ffl^fco fit, a^O^JS 
T«fcfc±g3«fflfe*£+#fci&lifbfco *©&, K:fa©«#«Ifc£fT mm 

£&&&m(D&&k*&tolz 0 * ogI$EI3i:^o 
#ISJi&:fcfcfc¥iSJi&:fc#7 8 5 MP a itJgbifclO" 7 ll]-e«fe«bfc^iHiJ5S 

©©HMftilUK^ftit-C fck. ®^1IV#5 Om/sec^^ 1 4 Om/secT% 
W-Cttx ®3SaiJ^V#^6 Om/sec^^^jl 6 Om/sec T*i^P&M*lJS±f# 7 0 

4 0MPaT&tK ft#IEt±<£V>o $)fcx 0. 3mmg^-;i/J/3^ hSJSfi 
V= 1 0 Om/sec T-+^^^bfe{^isTtt^^i|e^(i± 3 0 OMPa T-fc 
t) (£©^>r;W±«i|&^£|tfc 0.3mm g©*^— ;w>ay h -etwa* 

*:^BJat^il4^i:*(cfam©rh <. »i^^M©BuMS^ b 
T> 0. 2~0. 9 mmm&mft&tt v = 4 0~ 9 Om/sec TJftj* bTJt«Efl«J 

CB5±r 5^h*sm*^^o Cl ©/&£&# iT ££#>l:: ±13© 0. 2-0. 9 mm 
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m&^&m&tz. ^Jgv= 5 0- 1 6 Om/sec, ^eCltKii, v= 6 0~ 
1 4 Om/secT-, fiS 1 0 t, 1 0 O^m*^, £ CSt b < l±*fc& 1 0 ~ 8 0 
Mm, itS7 . 0-9. 0, 5g£H v35 0~ 1 1 0 0OiI^li^$g|jt^ 

SIS 3. 2mm. J I S. S WO S C - VJ: t) fcft^5l3g3£S 2 0 7 0MP 
a, ^®gp©5i^^H v 6 2 0 ©K3£&#tf fcffl#>r ^t 1 «fc;3*j£# 
C : 0. 6 1%, Si : 1. 46%, Mn:0.70%, Ni:0.25%, 
Cr:0. 85%, V : 0 . 06%, *(fttt^rn*«%. d®*mtt**g 

*R**©fc»© 400 ° Cx20fl-©<£j&#&6 x Mffilg, 0. 6mmgibl«7. 
8. «£H v 5 5 0©M&^©j$jg7 Om/sec^©ftt*fc:§|f|8fcg N Ifilg5 0 
>unK S5«y©«fffl^*fiL^5pigg3 fl§^©^©g*:/ g'J^Jtl. 2W 

?0?iSg# 10-75 AmC^t (fcfiU n = 6 0 MOMMiM) £ 
Wmmfel 0 7m/sec -e+^-tz^Lfco $6fc2 2 0 °CT'i|£&@#© £#>©{£ 

^ffi3 0«iag^i|©xaiK:J:Sttflb©ffi*SaSJt&*a: 1 3 5 OMPaTW 

$l±Hv 6 9 0, il^f,0. 2mm-0. 5 mmi££ C:fctt£ffi£l±K;tal*3g 
0iJT*Hv 6 0 0-5 8 Offeofeo -©KJaO^KttSHfliUfcJIg^ ill 
ft 5 x l 0 @©«»ISjKH: n = 1 0 fflO&Sfftfcffc-clfrStffc < . 5 8 

8 MP a, S(iiB^±5 1 0MP a^^L >T ;W£fctzfrfr £¥&JJ&*f 

£g;*;T* 6 9 0MP a ii&jfeu ¥*SJfc;t/Tm = 6 9 0 -xti<^, 

n= 5 x i o 7 miz&tf zm&mmmifoti t a«\ mmnm 1 x-mwLtzTmt 

t a.(D&W<D%ZJ5iz£ tK ra = 4 8 9. 6 +x/5 J:tlt5 0 CI©5£fcJu b 
*»U ±13©— SC»gS©*&ft^bbfcfc©"r &*©"??. M*a©5l31Sl$. ffi 

¥i§Jfo;t/rm = 690 -x©i:# N 

fiW&HBS<iJ6&£ t a = ± (4 7 0+x/5) — (2) 
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stsih^^o z.(Dm&m9<D%Lf&m&ti&. z<mm (mum) ©?§g 

iSAi:ltl 2 0 0MPa- 1 6 0 0MPa§tt5i^<^ 1 10 0-1 
7 0 OMP a©fSH£#^BJ3te£;fc£:LT5£«>?>o 

^ofc»Brfc38£U ?Ofl|[M:*«8 2 0MPa"Cfe5fc, r<3l®© 
El^g^fi6 3 0MPa-e, sl^ll 9 ©g:M&8ifc«* fcl^o £©3lg#UK 
5x10 V ®Q>WL&Wiifi¥-i!%fcji 5 8 8MPaT% iBBJfofcfcfct 4 4 0 
MPaT-fe^If^iil OiS*B©$!^Pg<fc^<&oT^6o tfc, ^-©SSJi: 
LT. W10 0//m, ^«ij^i^¥±5g 9 7^m, Pg^ft^PS 1 3 0 /znu 

i^i/j^3 5^ms m^o^omx/m'mitft i . 2&T©^m»i^ 

^MI^8 5m/secfg|fU ^©gL $ £ CfUfiSlH 3 ©fcffc hill C < . 
2 2 0° Cfffiifitt^ ^ffl-fe ry^>f >^Ttt±tffcJt««ia@*^tfco x 
^OiIli5 x 1 0 7 [UC^{t^)^^IS^miix ¥$Jfc#5 8 8MPati 
fi*S*±4 6 IMP aT?fcD> a&3c£ 1 0 £SiJ£bfc^o 

10*»e> 1 0 0>amg^©»i^^^^tli)Htr©i^^@©^^i:tS^i? 
©®3©l8ftT?&£#x Kfctfgtfi^tiT^fc^ii^ M<b t fc»^«t D fc£;tea 
JU±«£#ffi<, ^©fc#>$H£#^<. KfrMJESJ: DlfiS©^*!!*©^ 
«!f*aLg#l 6 Om/secWTtifetllt «ttl*«&fcr££Ji!&b*t 

So lOO^VMH Om/sec £jS£*it8l^fcj£©t8!f^ »inx*m 

fe©i|$ASHv 5 5 0^^1 6 0 (m±©^g&©ig£ N SUDXtf h^WT© 

ejfofttfH^fc-eASo ^»i^©^^* s fS^i:^t)?gb©^T-Sinx 
#«fc«fc!)4K Smi^i#(3inx5f>fb^^(c^^s^, ^©ifSSSI^^H 

v3 5 o%T®*£maT.m*tz<DBim&nto&<Dto*ifiTifiz<D"c. m&m3. 

4. 5t*i>TTIBiE££Hv 3 5 0 i:Lfco J^m^^^^©»fe 
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VNTWTfciE^So Omm, 5l3ISt£ % <rB = 1 , 7 3 5MPa, ¥±9 

FeST'trTy^fcffcifzrW >J>^, 3 5 OX!T15#l!B©Jfa;blSfc*teS&*L 
(3 iMS 0 . 6 mm. I^Hv 5 5 0(DJjy b 7^tWl:Mbfet2 2 0° 
5/znu Jtfi«j7. 6, I^Hv 8 6 5, ^©S^/g/^SJt 1.2 tiTT-^Si 

e>te^mkG>ft8tmmi&¥&mg.i o 7m/secT-+#£&i*b*:o giass^nc 

ffiUISeiiS^H: 5 9 0 MP & X$b-z>tz (EI 7 ) 0 

m^mtil^4 3 OMP a (EI 7) xm&m l l S 5 5 OMP afillS 

^«BUfco 0 0 0[H]/#©^jgT% *jfc*2kipcrfcfc:n = 1 5{@©fc£;fc 

£t«Ufco *©*§*fci:TIE©«fc ^fc*«WIIM^!IS4 0«*i©J±;«a*it:*f-r 
3 &ofc e Su#{isS^iai 1© (3) a££SS;fc-r# % J±igtfcf;te 

itl&fcffci© iMra= 3 7 3MPa 

PI <§> i^RlTa=4 0 2MPa 
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(V>-T*i*k l^rm= 5 8 8 MP a, mMLgt. : 5 x 1 0 V El) 
ZZr, £©3^;i/&fcCfrtt& £6 9 OMP atSSlt, lu 

ia (i) ^ (2) ©t3 5^^H^bfc«tac v ^je^tsfijar^cosisitts 

tltii:^ ¥*9Jfo#Tm=6 9 0 -xfciftU ±IBHJfiB1!l4 ©Kiaog^HB 
!SBJif5*Tati> ra^4 4 0. 6 +x/5 i:iaT§So 8S> 1B©3I^<^ 
3P8H&££I&lfiLT> *3PJ3T-yu TIB (3) 5£&«fcrKfc£#S&iiJl©«j3Li: 
U r <^J8©ffii(iS@JtB±* 550MP aJil±i:-r^ (li^Jll 1) o 
rm = 6 9 0 -x©hl^ 

*ijgLg&5 x 1 0 7 ®C:fctt*Jg#R£«]6;bTa£4 2 2 +x/5- (3) 

ddT. x : 0- 1 4 0 

cti (ib^JJid)©^) ©B@li&##;fif£jjsTEI7 «fc ?> N §^o5fre> 

5 0#mi;T©£JigB©g|gJto;*7#S SMS {3 iot^l < &«£;ft,fcc:£: 
#t)A»So £*x&©K;fa©£Iiffi£RMaxfci:(>. 6 mm^ifc^^T- 

tt 1 3 . 0 . 6 mm1&¥&M&±%L3'¥1£3& 3 7 /zm»©*^B^t: 

<fc 9 . 2 vmUfoifzo 

±IB©i£ifcTf, &ffi^JIM©K;fa©i^ittfcJfo:fc#S^»&, iSfcCD^fc D# 

(»l 5) 

3. 2 mmgffl J I S S WO S C - V, mXtemXJ tor >^-m^m^x 
Lfco iiblltfC S SM^SSLT^it bfeo 

^©#«*i©i43gx|ii±^©i:* t)t?*a 0 r*to"fe. Kia=i>f U>^x 4 0 
0° C • 2 0 #©<£iS##6 x 0. 6mmgOii7-)> Kfty h 7^ -^©jiJg 7 
Om/secfcm ftft^aHtS*!^ S S fllS (j&K 1 0 7m/sec, 
f¥^g4 0^ms S»i^¥±SS75^m) . ££>C 2 2 0° CT* 2 0 

lOlOMPatSofc, £©«fa©*#&B*&HifcLfci:£^ ¥M^rm 
= 5 8 8 MP a, IILtN=5 x 1 0 7 HIT* ©j£#BBgllJ&:fc & 4 6 6 MP a 
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h&ofco dO*B*t±, ¥±5£^^6 9 0 - xi:I<^, Mmfoti r a lir a = 
4 4 5. 6+x/5 i:ilTl^o SWO S C-V*-f «|CD§|3g&£ 

t)* 9 0 0 MP aJil±h U &© ( 4 ) <fc -5 fc«;ta©ft5&aiJK£^a&* (if 

¥lD^*rm= 6 9 0-x N tmMLJi&tiT a i: LTx 5x1 0 7 [U£ :fc tt £> 

ra^4 4 0+x/5 — (4) 

#sh»3c^ io © ( 2 ) 5*, i i © ( 3 ) ^ Ht^js 12© ( 4 ) sett* 

^m*. ¥»^xMPa^l«f5i:, £#RBiE*iJfc*# (x/5) MP 
aJiin-rs^ t^Ii*t?.o £fte>©5$«u #l*stife5iii:^4^i: 

£Lt©8»iEip e> s «t a t: N 

<fc 5 t)&»iiefcg*?\ Jt«Efl«j^«BiK:iB^i4*|qi±-rsci fc^RTfgj&m 

©fi<bt«fc«W^ttiRi±*s^J|fl«jt:^nri6«:j^*jpiH:j a% 0y * K t: 7* y « N SE 

3IKK;tafc£:©W&tt*:*:(Bfc:|qi±-rs©-C* Kfe©e*/hSHbfc:?!F#T* 0 
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3o z. nit®. m. : &Lti&ti(D&n<D£femz.w j i-t2>o 



PCT/JP99/04S39 

i. (a) i£t3L(Dmm*m'(bmm-t zx.mii, 

(b) mtmmztitz&tecDmw^ m^ntzmmmm.^ (i»?,5^m 

500-800, SS2 0 0-9 0 0 /zm©5f ||£Jlfti^£ 4 Om/sec-9 Om/s 
ecT*&!tU (J/a^t-r^) £ <fc *il»©»lffl««£&l8ii: U 

(C) sufE (B) Xg©&©fcf;fa^iB^ ^r^^C^iSS* 5 8 0 //rnWTx fro. 

1 0 um&L± 1 0 0 /zm*!, MVtt LTmZXte 
«K:5EV^3E-3)fc4HBr©&l,^ itI7. 0~9. 0, fig $ H v 6 0 0 JjUlH v 1 

^©W^It?$lg5 0~ 1 9 Om/s e cclfttJU fro, Sf^izJ;^ 
fcftoitjB^fbJgotfcJt (sgai-fb^&Jl&RfcflO <z>BtR9tt#&|&#&^ tfte^ftJi 

oo^n^iifact, ^®;i©ta^b^Mfe^#g£i£±£^cfT^ 

2 . (A) SSfbtfr©«;fc*S'x, m& 1 0 umiil± 10 0 ^mjfeiiio^t?? 

aim i o ~ 8 o um(D&&<Dj&ftx&*nfcft^n&zmm<Dte\,\itm i . o ~ 

9. 0, I^Hv3 5 0-9 0 0®^^%ifO^Iif S5 0m/sec£t±l 6 0 
m/s e cWTOH^atfifeoT, fro N J:S«;fe£li©#M&|g#£« 

fro N syfflm^&^££b&^£? £&i*i-£x;fi£ N 

(B) MSB (A) xsgfc©«iacDM*^bia3i-raxSi: x 

(c> a<bins$nfc«ia©a®^ mb$titzmmmm.z (iiiip^s^m 
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5 0 0-8 0 Ox 0 0-9 0 0 fimOWM^M^L^ 4 0m/sec-9 Oi/s 

(d) mm (c) nctotjfcis^ ^o^^so^mj.^ fro. 

ffl^©^ fr-^n^ti^g 1 0 /zmJU± 1 0 0 /zm*?ix 7fc#x£ 
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